FLAT PANEL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
[ 0001 ] 

The present invention relates to a flat panel display 
device which includes electron beam sources having cathodes 
which emit electrons due to an electric field and a phosphor 
screen which is excited by the electrons emitted from the 
electron beam sources, and more particularly to a flat panel 
display device which uses a carbon-based material such as carbon 
nanotubes, micro carbon fibers, diamond or the like as the 
cathodes which emit the electrons with a low electric field. 
[ 0002 ] 

2. Description of the Related Art 

Recently, as represented by diamond, carbon nanotubes or 
the like, there have been found electron emission materials 
which can obtain the emission of sufficient electrons with an 
extremely low electric field compared to field-emission-type 
electron sources which use a conventional metal material as a 
main material. A flat panel display device which uses such an 
electron emission material as a material of cathodes is 
described in patent literature 1 (Japanese Unexamined Patent 
Publication Heill ( 1999 ) -265653 ) , for example. 

[0003 ] 
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The flat panel display device described in this patent 
literature 1 is comprised of a first panel which has a plurality 
of electron sources constituted of cathode lines made of a 
stripe carbon film on a first substrate and a second panel which 
has phosphors arranged to face the above-mentioned carbon film 
cathode lines in a direction perpendicular to the carbon film 
cathode lines (or a crossing direction, this expression being 
used hereinafter) in a stripe pattern and anode lines on a second 
panel which is laminated to the first panel. Further, by 
selecting portions of the cathode lines and the anode lines, 
electrons are emitted from the cathode lines at crossing points 
of these lines thus making the above-mentioned corresponding 
phosphors emit light whereby an image is displayed. 

[0004] 

Further, another prior art different from the above- 
mentioned prior art is described in patent literature 2 
(Japanese Unexamined Patent Publication Heil 0 ( 1 998 ) -149760 ) . 
In this patent literature 2, a flat panel display device is 
comprised of a first panel which forms stripe-like pull-out 
electrodes at positions close to stripe-like emitters (also 
referred to as cathodes ) which are formed of an electron 
emission material having carbon nanotubes formed on a first 
substrate, wherein the pull-out electrodes are arranged in the 
direction perpendicular to the cathodes, and a second panel 
which has phosphors on planer anodes which are formed on a second 
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substrate laminated to the first panel. 

[0005] 

Then, by selecting respective portions of the pull-out 
electrodes and the cathodes and applying a voltage "to these 
portions, electrons are emitted due to an electric field applied 
between the selected pull-out electrodes and cathodes, thus 
making the phosphors formed on the planer anodes emit light to 
display an image. 

[0006] 

Further, a basic structure of electrodes in which a 
distance from cathode surfaces and a distance from the control 
electrode surfaces to anodes are set substantially equal is 
described in patent literature 3 (Japanese Unexamined Patent 
Publication 2002-25478). 

[0007 ] 

As mentioned above, with the use of the carbon nanotubes 
as the electron emitting material, it is possible to generate 
electron beams with a relatively low electric field and hence, 
a flat panel display device can be readily obtained. 

[ 0008 ] 



SUMMARY OF THE INVENTION 

[0009] 

However, the flat panel display device having the 
structure described in patent literature 1 adopts the method 
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in which some lines are selected from the cathode lines and the 



anode lines respectively and the electron emission is generated 
at specified portions. Accordingly, it is necessary to change 
over an anode voltage which is a high voltage of several hundreds 
V or several kV necessary for making the phosphors emit light 
and hence, it is impossible to prevent a drive circuit from 
becoming complicated. As a countermeasure, the technique in 
which the control electrodes are arranged at positions close 
to the cathodes and the electron emission is performed using 
an electric field generated by the potential difference between 
the control electrodes and the cathodes is described in patent 
literature 2 . 

[ 0010 ] 

In this technique, by setting a distance between the 
control electrodes and the cathodes to an extremely small value, 
an electric field necessary for generating the electron 
emission can be obtained even with a small potential difference. 
In this patent literature 2, the flat panel display device 
adopts a driving method in which the electron emission is 
generated at given positions by changing over a cathode voltage 
and a pull-out electrode voltage, which are relatively low 
voltages, without changing over an anode voltage which is a high 
voltage. In this driving method, the electron emission is 
generated using the electric field which extends from the 
cathodes to the pull-out electrodes and hence, a portion of 
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electrons emitted from the cathodes is incident on the pull-out 
electrodes whereby a pull-out electrode current is generated. 
Since the pull-out electrode current does not contribute to the 
light emission at all, there is a high possibility that the power 
consumption necessary for obtaining the required light emitting 
intensity is increased. 

[ 0011 ] 

The structure which is capable of reducing such a control 
electrode current is described in patent literature 3. In the 
display device described in the patent literature 3, a cathode 
surface which emits electrons and a control electrode surface 
which controls the intensity of electrons are formed on the 
substantially same plane and these surfaces are arranged to face 
a phosphor surface to which a high voltage is applied. In such 
an electrode structure, electrons emitted from the surface of 
the cathode advances to the phosphor surface without 
approaching the control electrode and hence, no control 
electrode current is generated in association with the 
incidence of electrons. With respect to the structure 
described in this patent literature 3, since the surface of the 
control electrode and the surface of the cathode are configured 
to form the substantially same plane, it is impossible to 
arrange the control electrode lines and the cathode lines to 
form a matrix disclosed in patent literature 2 by directly 
connecting a plurality of control electrodes and a plurality 
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of cathodes with each other. 



[ 0012 ] 

Accordingly, with respect to the prior art described in 
patent literature 3, although the cathode surface which emits 
electrons and the control electrode surface form the 
substantially same plane, "lines which supply electrons to the 
cathode" which constitute the cathode lines are formed below 
the control electrodes, that is, are formed at a position far 
away from the plane which is formed by the cathode surface and 
the control electrode surface as viewed from the phosphor 
surface. By adopting such a structure, it is possible to form 
the matrix structure constituted of the cathodes and the control 
electrodes. However, since the driving voltage necessary for 
turning on or off the electrons emitted from the cathodes is 
lowered, a size of the cathodes is limited, and thus it is 
difficult to increase a width of branch portions which connect 
the cathodes and the cathode lines. Accordingly, it is 
difficult to fill a material which ensures electric 
conductivity, thus eventually giving rise to a possibility that 
an electrical contact failure arises. 

[0013] 

Accordingly, it is an object of the present invention to 
provide a flat panel display device which can obtain the 
electron emission of high efficiency at a low voltage by setting 
a control electrode current to an extremely small value using 
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diamond, carbon nanotubes, micro carbon fibers or the like as 



cathodes . 

[ 0014 ] 

To achieve the above-mentioned object, the present 
invention adopts a driving method in which an electric field 
necessary for electron emission is applied in response to a 
potential difference between cathodes and anodes which 
constitute a light emitting surface, and the electron emission 
is controlled by cutting off the electric field in response to 
a voltage applied to control electrodes, and more particularly, 
adopts a structure in which the control electrodes and the 
cathodes are formed on the substantially same plane. Due to 
such a structure, it is possible to obtain a flat panel display 
device of high efficiency and of a low control voltage and which 
can be manufactured readily. 

[ 0015 ] 

To describe the specific constitutional feature of the 
present invention, a flat panel display device includes a first 
panel having a plurality of electron beam sources which are 
arranged in a matrix array, the electron beam sources being 
constituted of cathodes which emit electrons and control 
electrodes which are electrically insulated from the cathodes 
and control a quantity of electrons emitted from the cathodes, 
and a plurality of cathode lines and a plurality of control 
electrode lines which, in a state that the cathodes and the 
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control electrodes which constitute respective electron beam 
sources are respectively separated into a plurality of sets, 
electrically connect the cathodes and the control electrodes 
for the respective sets, and making the electron beam sources 
designated by respectively selecting some of the cathode lines 
and the control electrode lines emit electrons, and 

a second panel having phosphors which emit light upon 
receiving the electrons emitted from the electron beam sources 
corresponding to the arrangement of the electron beam sources, 
wherein 

the cathodes and the control electrodes are arranged on 
the first panel such that out of a flat cross-sectional plane 
which is parallel to the second panel, a cross-sectional plane 
which is brought into contact with the cathodes and the control 
electrodes is present and, further, a cross-sectional plane 
which includes the control electrode lines differs from the 
cross-sectional plane which is brought into contact with the 
cathodes and the control electrodes . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of an essential part of a first panel 
showing some control electrodes and some cathodes in a flat 
panel display device according to the present invention having 
the electrode structure which arranges the control electrodes 
and the cathodes on a substantially same plane; 
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Fig. 2(a) and Fig. 2(b) are cross-sectional views showing 
one example of the electrode structure in the vicinity of the 
cathode; 

Fig. 3 is a cross-sectional view taken along a line A-A' 
in Fig. 1 showing another example of the electrode structure 
in the vicinity of the cathode; 

Fig. 4(a) and Fig. 4(b) are explanatory views of one 
example of a second -panel on which anodes and phosphors are 
formed ; 

Fig. 5 (a) and Fig. 5(b) are explanatory views of another 
example of the second panel on which anodes and phosphors are 
formed; 

Fig. 6 is a schematic cross-sectional view showing the 
schematic cross-sectional structure of a flat panel display 
device which is formed by laminating a first panel and a second 
panel to each other; 

Fig. 7 is a cross-sectional view similar to Fig. 2 and 
explains a second embodiment of the present invention in which 
the cathodes are formed on the cathode lines which are 
simultaneously formed with the control electrodes. 

Fig. 8 is a plan view similar to Fig. 1 and explains the 
electrode structure in which control electrode lines are 
narrowed ; 

Fig. 9 is a cross-sectional view similar to Fig. 2 and 
explains a third embodiment of the present invention in which 
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control electrodes and branch lines are integrally formed. 

Fig. 10 is a cross-sectional view similar to Fig. 2(b) 
and explains the electrode structure of a fourth embodiment of 
the present invention having insulation partition walls between 
control electrodes and cathodes ; 

Fig. 11 is a plan view similar to Fig. 1 and explains the 
cathode-control electrode structure having a triangular wave 
pattern capable of performing low-voltage driving; 

Fig. 12 is a plan view of the cathode-control electrode 
structure having a rectangular wave pattern capable of 
performing a low- voltage driving; 

Fig. 13 is a plan view of the cathode-control electrode 
structure having a rectangular wave pattern capable of 
performing a low- voltage driving; 

Fig. 14 is a plan view of the cathode-control electrode 
structure having a spit-dumpling-like wave pattern capable of 
performing a low- voltage driving; 

Fig. 15 is a plan view of the electrode structure in which 
the control electrode lines are formed above the control 
electrodes : 

Fig. 16 is a cross-sectional view of the side-face 
structure of the electrode structure shown in Fig. 15, as viewed 
from an arrow E; 

Fig. 17 is a plan view of the electrode structure having 
two control electrode lines; 
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Fig. 18 is a plan view of the electrode structure having 
partition walls provided with control electrode lines; 

Fig. 19 is a cross-sectional view of the side structure 
of the electrode structure shown in Fig. 18, as viewed from an 
arrow F; and 

Fig. 20 is a cross-sectional view taken along a line G-G' 
of the electrode structure shown in Fig. 18. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] 

Preferred embodiments of the present invention are 
explained in detail hereinafter in conjunction with drawings 
which show these embodiments . In the embodiments described 
hereinafter, specific sizes are used as only one example for 
an illustration purpose. 

[0017] 

[First embodiment] 

A first embodiment is explained in conjunction with Fig. 
1 to Fig. 6. Fig. 1 is a plan view of an essential part of a 
first panel showing some control electrodes and some cathode 
of a flat panel display device according to the present 
invention having the electrode structure in which the control 
electrodes and the cathodes are arranged on a substantially same 
plane (the first panel also referred to as the electron beam 
source panel, hereinafter). Fig. 2(a) and Fig. 2(b) are 
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cross-sectional views showing one example of the electrode 
structure in the vicinity of the cathode, wherein Fig. 2(a) is 
a cross-sectional view taken along a line A-A'in Fig. 1 and 
Fig. 2(b) is an enlarged view of a portion indicated by B in 
Fig. 2(a) . Fig. 3 is a cross-sectional view taken along a line 
A-A' in Fig. 1 showing another example of the electrode 
structure in the vicinity of the cathode. 

[0018] 

Further, Fig. 4(a) and Fig. 4(b) are explanatory views 
of one example of a second panel (a phosphor screen panel) on 
which anodes and phosphors are formed, wherein Fig. 4(a) is a 
cross-sectional view of an essential part and Fig. 4(b) is an 
enlarged view of a portion indicated by C in Fig. 4(a). Fig. 
5 (a) and Fig. 5(b) are explanatory views of another example 
of the second panel on which anodes and phosphors are formed, 
wherein Fig . 5(a) is a cross-sectional view of an essential part 
and Fig. 5(b) is an enlarged view of a portion indicated by D 
in Fig. 5(a). Further, Fig. 6 is a schematic cross-sectional 
view showing the schematic cross-sectional structure of a flat 
panel display device which is formed by laminating a first panel 
and a second panel to each other. Here, the detailed structure 
of the first panel and the second panel is omitted. 

[0019] 

In this embodiment, control electrodes 7 and cathodes 4 
are formed on a substrate 2 which constitutes an electron beam 
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source panel 1, the electron beam source panel 1 being a first 
panel of a flat panel display device shown in Fig. 6. Here, 
this embodiment has an electrode structure in which the control 
electrodes 7 and cathodes 4 are substantially formed on the same 
plane. The electron beam source panel 1 is configured by 
forming the cathodes 4, the control electrodes 7 and the like 
on the substrate 2 preferably made of glass (also referred to 
as the electron beam source panel glass substrate hereinafter) . 
On the electron beam source panel glass substrate 2, control 
electrode lines 6 each having a width of 250pm are formed by 
a screen printing using a conductive paste preferably made of 
a silver paste (hereinafter, "silver paste" means this type of 
material) . On the control electrode lines 6, first of all, for 
connecting the control electrode lines 6 and the control 
electrodes 7 , branch lines 8 are formed using a silver paste 
such that the branch lines 8 each have a length of 200pm, a height 
of 60pm and a width of 30pm. Further, on the control electrode 
lines 6, an insulation layer 16 is formed over the whole area 
of a region corresponding to a region where an image is displayed 
using a dielectric paste such that the insulation layer 16 has 
the same height as the branch lines 8. 

[ 0020 ] 

Here, while the branch lines 8 and the control electrodes 
7 can be formed separately as described above, they can be formed 
simultaneously as described hereinafter. That is, as shown in 
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Fig. 3, the insulation layer 16 is formed such that the portions 
where the branch lines 8 are to be formed are removed after 
formation of the insulation layer 16 or the branch forming 
portions are preliminarily removed and, thereafter, a silver 
paste is filled in the branch forming portions at the time of 
printing the control electrodes 7 thus integrally forming the 
branch lines 8 and the control electrodes 7. Other 
constitutions are equal to those shown in Fig. 2(a) and Fig. 
2(b) . 

[ 0021 ] 

On the flat insulation layer 16 obtained in this manner, 

cathode lines 3 each having a width of 4 0fun in the longitudinal 
direction in Fig. 1 are formed, and the control electrodes 7 
which sandwich each cathode line 3 therebetween while ensuring 
a gap of 2 0|am are formed by printing using a silver paste, wherein 
the control electrodes 7 are electrically connected to the 
branch lines 8. After baking such a structure by heating, a 
paste containing approximately 10% by weight of carbon 
nanotubes pulverized to a size equal to or less than l|jm is 
printed on regions of the cathode lines 3 each of which is 
sandwiched by the control electrodes 7 and is baked by heating, 
thus forming the cathodes 4 having a rectangular pattern. Here, 

by setting a film thickness of the control electrodes 7 to lO^im 
and film thicknesses of the cathode lines 3 and the cathodes 
4 to 5ixm respectively, as shown in Fig. 2(a) and Fig. 2(b), 
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surfaces of the control electrodes 7 and the cathodes 4 are made 
substantially coplanar. 

[ 0022 ] 

On the glass substrate 2 of the electrode source panel 
1 including the control electrodes 7 and the cathodes 4 produced 
in the above-mentioned manner, partition walls 5 each having 
a height of 3mm, for example, as shown in Fig. 6, are temporarily 
fixed at positions which do not impede the emission of electrons 
using frit glass. Further, a frame 9, a phosphor screen panel 
10 which is preferably made of glass, and the electron beam 
source panel 1 are assembled using frit glass, and are fixed 
by heating, thus manufacturing the flat panel display device 
having the structure shown in Fig. 6. 

[0023] 

As the phosphor screen panel 10, this embodiment uses a 
phosphor screen panel in which on a phosphor screen panel glass 
substrate 11 which is preferably made of transparent glass and 
has a structural as shown in Fig. 4(a) and Fig. 4(b), phosphor 
films 12, a light shielding film (a black matrix: a BM layer) 
13 and anodes 14 are formed. The phosphor screen panel 10 is 
obtained by patterning the black matrix 11 on the phosphor 
screen panel glass substrate 11 and, thereafter, forming the 
phosphor films 12 in openings of the black matrix 13, and forming 
the anodes 14 which is made of a metal layer (for example, 
aluminum) on the phosphor films 12. The anode 14 side is 
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arranged to face the electron beam source panel 1 and is 
laminated to the electron beam source panel 1 by way of the 
partition walls 5. The inside of the manufactured flat panel 
display device is evacuated through an exhaust pipe 17 and, 
thereafter, the exhaust pipe 17 is melted and sealed. Here, 
the respective phosphor films correspond to respective unit 
pixels and, in a full color display, the pixels of red, green 
and blue constitute one color pixel. 

[0024] 

Further, in Fig. 4(a) and Fig. 4(b), the anodes 14 which 
constitute the phosphor screen panel 10 are formed as an 
uppermost layer (over the phosphor screen) of the phosphor 
screen panel glass substrate 11. However, as shown in Fig. 5(a) 
and Fig. 5(b), it is possible that, first of all, the anodes 
14 are formed on the phosphor screen panel glass substrate 11 
and, thereafter, the black matrix 13 and the phosphor films 12 
are formed on the anodes 14. However, in this case, it is 
necessary to use a transparent electrode as the anodes 14. 
Further, in Fig. 4(a) and Fig. 4(b) as well as in Fig. 5(a) and 
Fig. 5(b), the anodes 14 may be in a so-called mat configuration 
in place of in a stripe configuration. 

[0025] 

In the flat type image display device according to this 
embodiment, when a voltage of lOkV is applied to the anodes 14, 
a voltage of the control electrodes 7 is set to 0V and a voltage 
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of the cathodes 4 is set to OV, the electron emission is generated, 
while when the voltage of control electrodes 7 is set to -50V 
and the voltage of the cathodes 4 is set to 50V, the electron 
emission can be stopped. Even when the voltage of either one 
of the control electrodes 7 and the cathodes 4 is set to 0V from 
such a state, it is also possible to stop the electron emission 
and hence, a so-called matrix operation can be performed. 
[0026] 

Further, in this embodiment, on the electron beam source 
panel 1, the cathodes 4 and the control electrodes 7 are arranged 
such that, out of flat cross-sectional planes which are parallel 
to the phosphor screen panel 10, a cross-sectional plane which 
is brought into contact with the cathodes 4 and the control 
electrodes 7 is present, and a cross-sectional plane including 
the control electrode lines 6 is formed different from the 
cross-sectional plane which is brought into contact with the 
cathodes 4 and the control electrodes 7. That is, in this 
embodiment, as shown in Fig. 2, surfaces of the control 
electrodes 7 and the cathodes 4 are arranged substantially 
coplanar with each other, while the control electrode lines 6 
are configured to have a plane different from the plane 
including the above-mentioned control electrodes 7 and the 
cathodes 4 . 

[0027 ] 

According to this embodiment, it is possible to provide 
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a flat type display device which can perform the sufficient 
electron emission at a low voltage, requires an extremely small 
control electrode current and can obtain the electron emission 
of high efficiency. 

[0028] 

[Second embodiment] 

A second embodiment of the present invention is explained 
in conjunction with Fig. 7 and Fig. 8. Although the surfaces 
of the control electrodes 7 and the cathodes 4 are arranged 
substantially coplanar with each other in the above-mentioned 
first embodiment, even when the difference in height between 
the surface of the cathodes 4 and the surface of the control 
electrodes 7 is the difference of approximately a thickness of 
the control electrodes 7, it is possible to obtain an 
advantageous effect similar to the advantageous effect obtained 
by the first embodiment. Fig. 7 is a cross-sectional view which 
is substantially equal to Fig. 2 for explaining the second 
embodiment of the present invention in which the cathodes 4 are 
formed on the cathode lines 3 which are simultaneously formed 
with the control electrodes 7. Further, Fig. 8 is a plan view 
similar to Fig. 1 and explains the electrode structure in which 
the control electrode lines 6 are formed with a narrow width. 
[0029] 

That is, in Fig. 7, the control electrodes 7 and cathode 
lines 3 each having a thickness of 5(xm are simultaneously formed 
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by printing and, thereafter, the cathodes 4 having a thickness 
of 5fun are formed on the cathode lines 3 such that the control 
electrodes 7 have the thickness of 5|xm and a combined thickness 
of the cathode lines 3 and the cathodes 4 is set to lO^m. In 
this case, it is also possible to have the similar advantageous 
effect . 

[0030 ] 

Here, as described in the first embodiment of the present 
invention in conjunction with Fig. 1 to Fig. 3, when the width 
of the control electrode lines 6 is set substantially as wide 
as the width of the control electrodes 7, it is possible to 
increase a cross-sectional area of the branch lines 8 and hence, 
the electric conductivity between the control electrode lines 
6 and the control electrodes 7 can be easily ensured, thus 
leading to the enhancement of the reliability. On the other 
hand, as shown in Fig. 8, by narrowing the width of the control 
electrode lines 6, it is possible to decrease a floating 
capacitance between the cathode line 3 and the control electrode 
line 6 and hence , it is possible to perform the more rapid driving . 
To achieve the latter object, it is also effective to increase 
a thickness of the insulation layer 16. By combining these 
provisions, it is possible to obtain a flat panel image display 
element which is conformable to the object. 

[0031 ] 

Also in this embodiment, it is possible to provide a flat 
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type display device which can perform the sufficient electron 
emission at a low voltage, requires an extremely small control 
electrode current and can obtain the electron emission of high 
efficiency . 

[0032 ] 

[Third embodiment] 

A third embodiment of the present invention is explained 
in conjunction with -Fig. 9. Fig. 9 is a cross-sectional view 
similar to Fig. 2 and explains the third embodiment of the 
present invention in which the control electrodes and the branch 
lines are integrally formed. In the above-mentioned 
embodiments, when it is possible to ensure a large area for the 
control electrodes 7 due to a large pixel pitch or the like, 
the branch lines 8 are not formed and the insulation layer 16 
is formed while obviating regions corresponding to the branch 
lines 8 and, thereafter, a conductive paste is injected into 
the regions corresponding to the branch lines 8 at the time of 
forming the control electrodes 7 by printing, thus forming the 
structure shown in Fig. 9. Due to such a constitution, 
integral-type control electrodes 7 ' which correspond to the 
branch lines 8 and the control electrodes 7 are formed. 

[0033 ] 

Also in this embodiment, it is possible to provide a flat 
type display device which can perform the sufficient electron 
emission at a low voltage, requires an extremely small control 
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electrode current and can obtain the electron emission of high 
efficiency. Further, this embodiment also can simplify the 
manufacturing steps. 

[0034 ] 

In this type of flat panel display device, a driving 
voltage necessary for controlling the intensity of electron 
emission from the cathodes 4 is defined by a gap between end 
portions of the control electrodes 7 at sides which face the 
cathodes 4 . The size of the gap between the control electrodes 
is determined based on a width of the cathode 4 per se and 
respective gaps between the control electrodes 7 and the cathode 
4 . The decrease of the gap between the control electrode 7 and 
the cathode 4 is limited due to the dielectric strength 
characteristics with respect to a voltage applied between the 
cathode 4 and the control electrode 7. Accordingly, to lower 
the driving voltage, there is no other way but to reduce the 
width of the cathode 4. However, when the cathode lines 3 are 
formed as a layer separately from the cathodes 4 departing from 
the present invention, it is necessary to form the branch line 
8 within a region of the cathode 4 having a limited width and 
to connect the branch line 8 with the cathode line 3 and hence, 
it is difficult to ensure the sufficient electric conductivity. 
[0035 ] 

The main feature of the above-mentioned respective 
embodiments to cope with the tasks of the present invention lies 
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in that the cathode lines 3 are formed on the plane on which 
the cathodes 4 which emit electron and the control electrode 
7 are formed, the control electrode lines 6 are formed on a 
separate layer which differs from the above-mentioned plane 
with respect to a length from the phosphor screen panel 10, and 
the control electrode lines 6 are connected with the control 
electrodes 7 through the branch lines 8. For example, in Fig. 
1, the influence of -the control electrodes 7 on the driving 
voltage is mainly attributed to a gap gc between the neighboring 
control electrodes 7 at the sides sandwiching the above- 
mentioned cathode 4, while the influence of the control 
electrode 7 on the driving voltage attributed to a length Gs 
of the control electrodes 7 at the portion which is sandwiched 
by the cathode 4 and the another cathode 4 at another end is 
small. Accordingly, by adopting the structure in which the 
branch lines 8 are arranged at such portions, it is possible 
to ensure the sufficient regions for ensuring the sufficient 
electric conductivity and for facilitating the manufacturing 
of the flat panel display device without hardly giving the 
adverse influence on the required driving voltage. 

[0036] 

In the above-mentioned embodiments, compared to the fact 
that the width of the cathode 4 or the cathode line 3 is only 

40^im, 160(xm or more is ensured as the length Gs of the control 
electrode 7 located between the neighboring pixels and the 
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branch line 8 can be easily arranged in such a region. Further, 
in the above-mentioned respective embodiments, the cathode 
lines 3, the control electrodes 7 and the control electrode 
lines 6 are formed by screen printing using the thick silver 
film. However, provided that the required electric 
conductivity is ensured, even when a conductive material other 
than silver is used or a conductive film is formed by other 
technique (for example, formation of thin films by vapor 
deposition) , it is possible to obtain the advantageous effects 
of the present invention in the exactly same manner. Further, 
although the cathodes 4 are formed using a paste containing the 
carbon nanotubes in this embodiment, it is evident that the 
similar advantageous effects can be obtained using other 
electron source material which can provide the substantially 
required intensity of electron beams using an electric field 
generated by the potential difference applied between the 
anodes 14 and the cathodes 4. 

[0037] 

[ Fourth embodiment ] 

A fourth embodiment of the present invention is explained 
in conjunction with Fig. 10. Fig. 10 is a cross-sectional view 
similar to Fig. 2(b) and explains the electrode structure of 
the fourth embodiment of the present invention which includes 
an insulation partition wall between the control electrode and 
the cathode. To lower the driving voltage as much as possible. 
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it is necessary to narrow the gap between the control electrode 
7 and the cathode 4 as much as possible. However, when the gap 
between the control electrode 7 and the cathode 4 is narrowed, 
the dielectric strength characteristics with respect to the 
potential difference between both electrodes is lost. The 
fourth embodiment of the present invention which copes with such 
a drawback is explained in conjunction with Fig. 10. In the 
same manner as the -first embodiment, silver electrodes are 
formed in regions of the control electrodes 7 and the cathode 
lines 3 by printing and, thereafter, insulation partition walls 
18 are formed in regions surrounded by the control electrodes 
7 and the cathode lines 3 using a dielectric paste. Thereafter, 
the cathodes 4 are formed on the cathode lines 3. Then, by 
performing the subsequent steps in the same manner as the first 
embodiment, a flat-type image display element is manufactured. 
[0038] 

In the first embodiment which is not provided with the 
insulation partition walls 18, when the potential difference 
of approximately 150V is applied between the control electrode 
7 and the cathode 4, a leak current amounting to several tens 

% of the electron emission intensity is detected between both 
electrodes. To the contrary, in this embodiment which is 
provided with the insulation partition walls 1 8 , when a material 

having the specific resistance of approximately 100MC2 is used 
as a insulation partition wall material and the potential 
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difference of approximately 200V is applied between the control 
electrode 7 and the cathode 4 , a leak current amounting to only 
1 % or less of the electron emission intensity is detected and 
hence, it is possible to obtain a flat panel display element 
of high reliability. Further, by forming the insulation 
partition walls 18 using a material which exhibits the high 
insulation property, it is evident that the leak current which 
is a reactive current can be further reduced. With respect to 
other advantageous effects, this embodiment also can achieve 
these advantageous effects in the same manner as the previous 
embodiments . 

[0039] 

[Fifth embodiment] 

A fifth embodiment of the present invention is explained 
in conjunction with Fig. 11 to Fig. 14. Fig. 11 is a plan view 
similar to Fig. 1 and explains a cathode-control electrode 
structure having a triangular wave pattern capable of 
performing low-voltage driving. Fig. 12 is a plan view of a 
cathode-control electrode structure having a rectangular wave 
pattern capable of performing low voltage driving. Fig. 13 is 
a plan view of a cathode— control electrode structure having a 
wave pattern capable of performing low voltage driving, and Fig. 
14 is a plan view of a cathode-control electrode structure 
having a spit-dumpling-like wave pattern capable of performing 
low voltage driving. 
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[ 0040 ] 



In the above-mentioned first embodiment, the cathode 
lines 3 are formed in a strip shape such that end portions thereof 
form a straight line parallel to the width of the control 
electrodes 7 arranged perpendicular to the longitudinal 
direction of the control electrode line 6. in this embodiment, 
however, the cathode lines 3 are bent to have such a shape that 
facing portion of an end portion of the control electrode 7 and 
an end portion of the cathode 4 has a length longer than a width 
of the control electrode 7. Due to such a constitution, it is 
possible to reduce the driving voltage. Fig. 11 shows a case 
in which the cathode line 3 has a triangular wave pattern which 
has end portions thereof inclined by 45 degrees with respect 
to the widthwise direction of the control electrode 7 . The size 
of the cathodes 4 follows the rectangular pattern shown in Fig. 
1 and a width w thereof is set to 4 0|xm and a gap g between the 
control electrode 7 and the cathode line 3 is set to 20[un. 
[0041 ] 

As mentioned previously, in the flat plate image display 
device using the rectangular pattern indicated in Fig. 1, it 
is necessary to set the voltage amplitude of the control 
electrodes 7 to 4 0V and the voltage amplitude of the cathodes 
to 40V to control the electron emission quantity. To the 
contrary, in the flat panel display device which uses the 
triangular wave pattern shown in Fig. 11, the electron emission 
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is generated when a voltage of lOkV is applied to the anodes 
14 , a voltage of the control electrode 7 is set to OV and a voltage 
of the cathode 4 is set to OV, while when the electron emission 
is stopped when the voltage of the control electrode 7 is set 
to -35V and the voltage of the cathode 4 is set to 35V. Further, 
even when the voltage of either one of the control electrodes 
7 and the cathodes 4 is set to OV, the electron emission can 
be stopped. This is attributed to the fact that by forming the 
pattern of the cathodes 4 in an oblique shape with respect to 
the widthwise direction of the control electrodes 7 , the width 
of the cathodes 4 can be substantially reduced and, at the same 
time, an effect that the control electrodes 7 surround the 
cathodes 4 is increased. 

[0042 ] 

Accordingly, beside the triangular wave shape of this 
embodiment, with the use of a rectangular wave pattern shown 
in Fig. 12, a wavy pattern constituted of curves shown in Fig. 
13 or a spit-dumpling pattern which widens a width of portions 
of the cathode 4 and narrows a width of other portions of the 
cathode 4 and widens portions of the gap between the control 
electrodes 7 so as to 7 surround the cathode 4, it is possible 
to obtain the similar advantageous effects. 

[0043] 

Also in this embodiment, it is possible to provide a flat 
type display device which can perform the sufficient electron 
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emission at a low voltage, requires an extremely small control 
electrode current and can obtain the electron emission of high 
efficiency. 

[0044] 

[Sixth embodiment] 

A sixth embodiment of the present invention is explained 
in conjunction with Fig. 15 to Fig. 17. Fig. 15 is a plan view 
of the electrode structure in which the control electrode lines 
6 are arranged above the control electrodes 7, Fig. 16 is a 
cross-sectional view of the side-face structure of the 
electrode structure shown in Fig. 15, as viewed from an arrow 
E, and Fig. 17 is a plan view of the electrode structure having 
two control electrode lines . The electrode structure includes 
the control electrodes 7 and the cathodes 4, wherein a matrix 
structure can be formed if there are no control electrode lines 
6 on a plane parallel to the phosphor screen panel 10, and the 
control electrode lines 6 can be formed at a side closer to the 
phosphor screen panel 10 than to the plane. In Fig. 15 and Fig. 
16, the electrode structure is formed such that the cathodes 
4 and the control electrodes 7 are formed and, thereafter, the 
control electrode lines 6 are formed to bridge the respective 
control electrodes 7 . 

[0045] 

In this embodiment, on the electron beam source panel 
glass substrate 2, the electrode structure having a rectangular 
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pattern similar to the pattern shown in Fig. 1 is formed by screen 
printing using silver. Thereafter, a dielectric paste is 
formed on the electrode structure by printing a dielectric paste 
such that the dielectric paste covers the cathodes 4 each of 
which is sandwiched by widthwise— directional end portions of 
the control electrodes 7, thus forming an insulation coating 

15. Then, the control electrode lines 6 having a width of SOjun 
are formed on the insulation coating 15 by printing a silver 
paste. Further, the partition wall 5 having a height of 3mm 
is fixed between the control electrodes 7 using the frit glass 
and, in the same manner as the above-mentioned embodiments, the 
frame 9, the phosphor screen panel 10 and the electron beam 
source panel 1 are assembled using frit glass and fixed by 
heating. 

[0046] 

Also with the use of the structure of this embodiment, 
it is possible to obtain a flat type image display device which 
can be driven with a low driving voltage in the same manner as 
the first embodiment. Although the number of bridging control 
electrode lines 6 is set to only one per one line, as shown in 
Fig. 17, the number of bridging control electrode lines 6 may 
be set to two per one line and these control electrode lines 
6 may be arranged at both ends of the pixel. By forming the 
control electrode lines 6 at both ends of the pixel, the symmetry 
of the control electrode lines 6 with respect to the center of 
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the pixel is enhanced whereby the loci of the electrons can be 
more stabilized. 

[0047] 

Also in this embodiment, it is possible to provide a flat 
type display device which can perform the sufficient electron 
emission at a low voltage, requires an extremely small control 
electrode current and can obtain the electron emission of high 
efficiency. 

[0048] 

[Seventh embodiment] 

The seventh embodiment of the present invention is 
explained in conjunction with Fig. 18 to Fig. 20. Fig. 18 is 
a plan view of the electrode structure having partition walls 
5 provided with control electrode lines 6. Fig. 19 is a 
cross-sectional view of the side— face structure as viewed from 
an arrow F of the electrode structure shown in Fig. 18, and Fig. 
20 is a cross-sectional view taken along a line G-G' of the 
electrode structure shown in Fig. 18. In this embodiment, as 
shown in Fig. 18, Fig. 19 and Fig. 20, the flat panel display 
device is formed by directly arranging the partition walls 5 
provided with the control electrode lines 6 at the 
widthwise-directional end portions of the control electrodes 
7 without forming the insulation coating 15 and the control 
electrode lines 6 on the control electrodes 7 and the cathodes 
4 . 
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[ 0049 ] 



In this embodiment, by printing a silver paste to regions 
having a width of 50pm at a position 50pm to 100pm away from 
an end portion of each partition wall 5 having a height of 
approximately 3mm, the control electrode lines 6 are formed. 

Further, the branch lines 8 portions having a width of 50pm for 
connection with the respective control electrodes 7 are formed 
between the control electrode lines 6 and the end portion of 
the partition wall 5. However, it is evident that even when 
the control electrode lines 6 and the branch lines 8 may be formed 
by printing using other conductive material or . by other 
technique, it is possible to obtain the similar advantageous 
effects. Further, to ensure the electrical Connection between 
the branch lines 8 and the control electrodes 7 , it is effective 
to preliminarily apply particles having conductivity at least 
on surfaces of the control electrodes 7 which are brought into 
contact with the branch lines 8. 

[0050] 

Also with the use of the structure of this embodiment, 
it is possible to obtain the flat type image display device which 
can be driven with a low driving voltage in the same manner as 
the first embodiment. 

[0051] 

Also in this embodiment, it is possible to provide the 
flat type display device which can perform the sufficient 
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electron emission at a low voltage, requires an extremely small 
control electrode current and can obtain the electron emission 
of high efficiency. 

[ 0052 ] 

Here, it is needless to say that the present invention 
is not limited to the constitutions which have been explained 
in conjunction with the above-mentioned respective embodiments 
and various modifications are conceivable without departing 
from the technical concept of the present invention. 

[ 0053 ] 

As has been explained heretofore, according to the 
present invention, in the flat panel image display element 
adopting the electrode structure in which with the use of the 
cathode material such as carbon nanotubes or the like which can 
obtain the required electron beam intensity even in the 

relatively low electric field of several V/|xm, the electron 
beams emitted due to the electric field between the anodes and 
the cathodes are interrupted in response to the voltage applied 
to the control electrodes, the flat panel image display element 
has the structure in which the control electrode lines which 
electrically connect a plurality of pixels are not included in 
the plane parallel to the phosphor screen panel including the 
cathodes and the control electrodes and hence, it is possible 
to provide the highly reliable flat panel display device having 
the matrix structure and capable of being driven with the low 
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voltage • 
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